aG13R8G*dPCT/PT0 \ 4MAR 200I 



FORM PTO- 1 390 (Modified) U-S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

{Rt:v ii-98) 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 


ATTORNEY'S DOCKET NUMBER 
SHIMlllO 


U.S. APPLICATION NO. (IF KNOWN, SEE 37 CFR 

7 87181 


INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE 

PCT/JP99/05019 14 September 1999 (14/09/99) 


PRIORITY DATE CLAIMED 

14 September 1998 (14/09/98) 


TITLE OF INVENTION 

SAPONIN-CONTAINING VACCINE PREPARATION 


APPLICANT(S) FOR DO/EO/US 

Haruki Yamada, Hiroaki Kiyohara, Takayuki Nagai, Takeshi Yabe, Chikara Aizawa, Yujiro Suzuki, Eizaburo Susa, 
Toshio Kato, and Takashi Nagamine, 



Applicant herewilh submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 



□ 



SB . 
M □ 



□ 



m 



13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



This is a FIRST submission of items concerning a filing under 35 U.S.C. 371, 

This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

This is an express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

A proper Demand for International Preliminary Examination was made by the 1 9th month from the earliest claimed priority date 

A copy of the International Application as filed (35 U.S.C. 371 (c) (2)) 

a. □ IS transmitted herewith (required only if not transmitted by the International Bureau). 

b. Kl has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 
A translation of the International Application into English (35 U.S.C. 371(c)(2)). 
A copy of the International Search Report (PCT/ISA/210). 

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371 (c)(3)) 

a. □ are transmitted herewith (required only if not transmitted by the Intemational Bureau). 

b. □ have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. □ have not been made and vvdll not be made. 

A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 
A copy of the Intemational Preliminary Examination Report (PCT/IPEA/409). 

A translation of the annexes to the Intemational Preliminary Examination Report under PCT Article 36 
(35 U.S.C. 371 (c)(5)). 

Items 13 to 20 below concern document(s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 
A FIRST preliminary amendment. 
A SECOND or SUBSEQUENT preliminary amendment. 
A substitute specification. 

A change of power of attorney and/or address letter. 
Certificate of Mailing by Express Mail 

Other items or information: 



□ 
□ 

□ 



□ 
□ 

□ 
□ 
□ 



Postcard ^ ^ 

Check No, ^7f^7^ in the amount of $970.00 
Express Mail Label No.: EL617 036 751US 



Page I of 2 



PCTUS1/REV03 



JC02 Rec'd PCT/PTO 1 4 MAR 2001 



U.S. APPUCATIONNO, riF KNOWN, SEE 37 CFR 



INTERNATIONAL APPLICATION NO. 

PCT/JP99/05019 



ATTORNEY'S DOCKET NUMBER 

SHIMlllO 



2 1 . The following fees are submitted: . 

BASIC NATIONAL FEE ( 37 CFR 1.492 (a) (1) - (5)) : 

□ Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1 .445(a)(2) paid to USPTO 
and International Search Report not prepared by the EPO or JPO 

International preliminary examination fee (37 CFR L482) not paid to 
USPTO but Intemation Search Report prepared by the EPO or JPO 

□ International preliminary examination fee (37 CFR 1 .482) not paid to USPTO 
but international search fee (37 CFR 1 .445(a)(2)) paid to USPTO 

□ International preliminary examination fee paid to USPTO (37 CFR 1 .482) 
but all claims did not satisfy provisions of PCT Article 33(1 )-(4) 



□ 



$970.00 
$840.00 
$690.00 
$670.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(l)-(4) $96.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS PTO USE ONLY 



$840.00 



Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 
months from the earliest claimed priority date (37 CFR 1 .492 (e)). 



^ 30 



$130.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



•20- 



0 



S18.00 



$0.00 



Independent claims 



- 3 = 



$78.00 



$0.00 



Multiple Dependent Claims (check if applicable). 



□ 



so.oo 



TOTAL OF ABOVE CALCULATIONS = 



$970.00 



l^jeduction of 1/2 for filing by small entity, if applicable. Verified Small Entity Statement 
mst also be filed (Note 37 CFR 1 .9, 1 .27, 1 .28) (check if applicable). 



□ 



$0.00 



SUBTOTAL = 



$970.00 



ii>cessing fee of $130.00 for furnishing the English translation later than □ 20 0 30 
i^n^nths from the earliest claimed priority date (37 CFR 1 .492 (f)). + 



$0.00 



TOTAL NATIONAL FEE = 



$970.00 



'ep for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
feompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1 ) (check if applicable). 



□ 



$0.00 



TOTAL FEES ENCLOSED = 



S970.00 



Amount to be: 
refunded 



charged 



ft 



A check in the amount of $970.00 



Q Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 



to cover the above fees is enclosed, 
in the amount of 



to cover the above fees. 



3 The Commissioner is hereby authorized to charge any fees which may be required, or credit any overpayment 
to Deposit Account No. 50-1355 A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1 J 37(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 



Lisa A, Haile, Ph.D. 

GRAY CARY WARE & FREIDENRICH 
1465 Executive Drive, Suite 1600 
San Diego, CA 92121-2189 




SIGNA/TURE 
Lisa A. Halle, Ph.D. 



NAME 
38,347 



REGISTRATION NUMBER 

14 March 2001 

DATE 



Page 2 of 2 



09/787181 



JC02 Rec'd PCT/PTO t 4 MAR 2001 



DOCUMENT: U.S. National Stage Application 
DOCKET NO.: SHIMlllOWO 
SERIAL NO.: Unassigned 



CERTIFICATE OF MAILING BY "EXPRESS MAIL 



"EXPRESS MAIL" MAILING LABEL NUMBER EL617036751US 
DATE OF DEPOSIT 14 March 2001 



I HEREBY CERTIFY THAT THIS PAPER OR FEE IS BEING DEPOSITED WITH THE 
UNITED STATES POSTAL SERVICE "EXPRESS MAIL POST OFFICE TO ADDRESSEE" 
SERVICE UNDER 37 CFR 1 .10 ON THE DATE INDICATED ABOVE AND IS 
ADDRESSED TO THE ASSISTANT COMMISSIONER FOR PATENTS WASHINGTON, 
D.C. 20231, BOX PCT. 



Mikhail Bayley 




(Typed or Printed Name of Person Mailing Papers) 



Gray 0317X01X6228843.1 
2102595-2 



09/787181 

JC02 Rec'd PCT/PTO 1 4 MAR 2001 

PATENT 

Attorney Docket No.: SHIMlllO 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Haruki Yamada et al. Art Unit: Not yet assigned 

Serial No, : Not yet assigned Examiner Not yet assigned 

Filed: March 14, 2001 

Based on: PCT/JP99/050 1 9 

Intemat'l. September 14, 1999 Priority September 14, 1998 

Filing Date Date 

Title: SAPONIN-CONTAINING VACCINE PREPARATION 



BOX PCT 
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Washington, D.C, 20231 

PRELIMINARY AMENDMENT 

Sir: 

In connection with the above-identified patent application, entry of the amendments 
and consideration of the following remarks are respectfully requested. 

AMENDMENTS 

Please amend the claims as follows: 

6. (Amended) The adjuvant of [any one of] claim[s] 1 [to 5], wherein the saponin 
compound is prepared from a crude drug. 

7. (Amended) A vaccine preparation comprising the adjuvant of [any one of] 
claim[s] 1 [to 6]. 
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Upon entry of the present amendment, claims 1 to 9 will be pending. 

The claims have been amended to address formalities. The claims have been 

generally amended to remove multiple dependencies. These amendments do not add new 

matter. 

In summary, the amendments and new claims address formalities and are supported 
by the claims as originally filed, and, therefore, do not add new matter. Accordingly, entry of 
the amendments and new claims is respectfully requested. 

It is submitted that the clauns are in condition for allowance, and a notice to that 
effect respectfully is requested. The Examiner is invited to contact Applicants' undersigned 
representative if there are any questions relating to this application. 

Please charge any additional fees, or make any credits, to Deposit Accoimt No. 50- 

1355. 
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:t54)TitIe: VACCINE PREPARATIONS CONTAINING SAPONINS 



iSl) Abstract 

Adjuvants containing as the active ingredient saponins having a 
presenegenin skeleton as the mother nucleus and being substituted at the 
28-position by an optionally substituted sugar residue; and vaccine 
preparations containing these adjuvants. For example, a sufficient immune 
stimulation activity can be exhibited even by transnasal vaccination by using 
a saponin having structure (I). 
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SAPONIN- CONTATNTNG VACCTNE PREPARATION 



Technical Field 

The present invention relates to an adjuvant of which active ingredient is 
saponin and relates to vaccine preparations containing the adjuvant, which is useful to 
prevent or treat diseases of human and other animals. 

Background Art 

Vaccine has been used to prevent various diseases, and has been produced 
tremendous and excellent results for preventing specific diseases such as smallpox. 
Nonetheless, vaccine also has side effects and there are many cases in which vaccines 
are less effective. Thus vaccines still have much room for further improvements. 
Currently, many types of vaccines used for himian or other animals are prepared by 
using pathogenic organisms or parts thereof as antigenic materials for vaccine 
production. Thus, there is no denying the possibility that vaccines are contaminated 
with constituents of pathogenic organisms or ingredients of growth medium for 
pathogenic organisms. These contaminants can be a cause of adverse side effects in 
vaccination. In addition, antigenic sites themselves associated with immunization can 
induce side effects when inoculated in large quantity. 

In order to avoid such side effects as much as possible and manufacture 
excellent vaccines in safety, some attempts have been made, which include the 
reduction of inoculum dose of vaccine, high-purity preparation of antigen for vaccine, 
alteration of vaccination route, and others. However, these revisions have a general 
problem that the immunological activity of vaccine tends to be reduced associated 
with the revisions. Previously, adjuvant has been used to prevent the decline of 
immunological activity. However, regarding pubhcly known adjuvants, there remains 
some problems to be improved in effectiveness, safety, etc. 

In general, most vaccines are inoculated by injection. This resuhs in elevation 
of antibody titer in the blood. When the titer is kept at a high level, it is possible to 
prevent a disease caused by pathogenic microorganism. On the other hand, an aerial 
infectious microorganism like influenza virus infects via mucous membranes of the 
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respiratory tract. To prevent such diseases at early stages of infection, vaccines 
capable of significantly enhancing local immunity on the mucous membrane rather 
than in the blood are preferred. In this context, it is also preferable to have an 
adjuvant capable of contributing to the enhancement of local immunity. In other 
words, to develop an excellent adjuvant that is effective and safe and that helps the 
enhancement of required immunity is an important challenge for the development of 
vaccine. 

Instead of injection, oral or intranasal inoculation is noteworthy as a 
vaccination route. The injection must be performed by medical technicians. 
Therefore, the vaccination by injection is problematic, for example, when it is 
necessary to vaccinate many people under a condition with no or only poor medical 
faciUties. On the other hand, oral inoculation or intranasal inoculation can be 
performed without direct practices by medically skilled staffs as long as vaccine 
preparations are available. However, in general, sufficient immunological stimulation 
is difficuh to attain with these types of vaccination routes and, therefore, certain 
adjuvants are needed. 

Previously, aluminum compounds (aluminum sulfate, aluminum hydroxide, 
aluminum phosphate, etc.) have widely been used as adjuvants for vaccination. 
Currently, the gel of aluminum compound is almost the only adjuvant which is usable 
for vaccination for human. However, there are the following problems in regard to 
the aluminum adjuvant, and thus the adjuvants are in need of improvement. 
Specifically, since the quahty of alimiinum adjuvant tends to vary from lot to lot, 
large-scale production is unsuitable for this type of adjuvant. In addition to this, the 
compound is not easy to handle in the treatment with column and, as a result, the 
purification is not easy to be done. Another problem associated with its effect is that 
the compound is not effective for inducing the cellular immunity while it excels in 
inducing the humoral immunity. Thus there are limitations on the types of antigens to 
be used together with the adjuvant. 

Studies and development of new types of adjuvants such as saponin are 
proceeding in order to overcome the drawbacks. Some illustrations are as follows. 
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1. Surface active substances such as saponins, etc. 

2. Bacterial toxins such as cholera toxin, etc. 

3. Constituents of microorganisms or plants such as BCG, muramyl peptide, etc. 

4. Cytokines such as interleukins, etc, 
5 5, Synthetic polyanion, polycation, etc. 

6. Micro-carriers, etc. 

Saponin is a generic name of compound group of triterpene glycosides and 
steroid glycosides that are contained in plants. It has been long known that some 
fractions containing saponin from plant have the adjuvant activity. However, 
saponins have complex structures and exhibit pleiotropic activities in addition to the 
adjuvant activity. Thus, it has been hard to identify which saponin compound has the 
adjuvant activity. The identification is not easy to be done even today. 

For example, 20 types of saponin compounds have been isolated from Quil A, 
one of saponin fractions from a plant Quillaja saponaria. Of the compounds, some 
constituents including QS-21 have been revealed to exhibit the adjuvant activity 
(Published Japanese Translation of International PubUcation NO. Hei 2-504266). QS- 
21 strongly induces the cellular immunity and has been studied as an adjuvant capable 
of compensating for the defects of aluminimi adjuvant. However, it is hard to purify 
QS-21; its structure is complicated; and also its solubihty is too low. Thus, it is 
demanded to develop more effective, inexpensive, and safe adjuvant. For example, 
saponins generally exhibit strong hemolytic activity. The hemolysis causes side 
effects including anemia, organ malfunctions, malnutrition, thrombosis, and others. 
Therefore, particularly when administrated by injection, saponin can cause the 
problems. 

2 5 Further, the present inventors have been found that some extracts of Chinese 

and Japanese traditional (Kampo) medicine consisting of several crude drugs exhibit 
the adjuvant activity and increase the titer of antibody against influenza virus in the 
nasal irrigation liquid and in the serum when used as an ingredient of influenza 
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vaccine to be inoculated intranasally (H. Yamada and T, Nagai, Methods and Findings 
in Experimental and Clinical Pharmacology, 20(3), 185-192, 1998). However, it still 
remains to be clarified which compound has the adjuvant activity in the extracts. 

Disclosure of the Invention 

An objective of the present invention is to provide a novel method for 
enhancing the immunological activity of vaccine in order to produce vaccines of 
which immunological activity is not reduced by lowering their dosage or by altering 
the vaccination route. More specifically, the objective is to screen an effective and 
safe saponin compound having a simpler structure among crude drug saponins and to 
thereby develop a novel adjuvant. Chinese and Japanese traditional (Kampo) 
medicine has long been used clinically in China, Japan, and other Asian countries, and 
its effectiveness and safety have been already estabhshed. Thus, the medicine is 
excellent and suitable as the material to be utiUzed for the present objective. 

In other words, the objective of the present invention is to provide a group of 
saponins as novel, effective, and safe adjuvants, to provide vaccines containing the 
saponins, and to contribute to the manufacture of effective and safe vaccines. 

To attain the objective, the present inventors screened hot-water extracts of 
two hundred and tens of crude drugs for extracts exhibiting the adjuvant activity when 
used together with intranasally inoculated influenza vaccine. The screening revealed 
that hot-water extract of a crude drug "Polygalae Radix" exhibited the highest 
activity. Further, the inventors identified active constituents extracted and separated 
fi-om the hot-water extract of Polygalae Radix by comparing their structures with 
those of known compounds utilizing NMR and high performance liquid 
chromatography. Consequently, they have found that compounds with a specific 
structure have a strong immunological stimulating activity, which would be highly 
safe, thereby completing the present invention. Specifically, the present invention 
relates to the following adjuvant and vaccine preparations containing the adjuvant: 

(1) an adjuvant comprising a saponin compound having a presenegenin 
skeleton substituted with a substituted or unsubstituted sugar residue at position 28, 
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where the substituted sugar residue essentially comprises an apiose residue as its 
substituent when the substituted sugar residue is tetra-substituted; 

(2) the adjuvant of (1), wherein the substituted or unsubstituted sugar residue 
directly linked to the presenegenin skeleton at position 28 is a sugar residue 
containing 3 or more carbon atoms; 

(3) the adjuvant of (2), wherein the sugar residue is a substituted or 
unsubstituted fucose residue; 

(4) the adjuvant of (3), wherein the saponin compound is represented by the 
formula: 




wherein Glc indicates glucose residue; Fuc, fucose residue; Rha, a rhamnose residue; 
Xyl, xylose residue; Rl, monomethoxycinnamate residue or trimethoxycinnamate 
residue; R2, H or rhamnose residue; R3, H or apiose residue; R4, H or arabinose 
residue; and R5, H or galactose residue; 
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(5) the adjuvant of (4), wherein the adjuvant comprises at least one of the 
saponin compounds selected from the group consisting of: 

(a) a compound where Rl is monomethoxycinnamate residue, R2 is 
rhamnose residue, R3 is apiose residue, R4 is H, and R5 is galactose residue; 

5 (b) a compound where Rl is trimethoxycinnamate residue, R2, R3, and 

R4 are H, and R5 is galactose residue; 

(c) a compound where Rl is trimethoxycinnamate residue, R2 is H, R3 
is apiose residue, R4 is arabinose residue, and R5 is H; and 

(d) a compound where Rl is trimethoxycinnamate residue, R2 is H, R3 
10 is apiose residue, and R4 and R5 are H; 

(6) the adjuvant of any one of (1) to (5), wherein the saponin compound is 
prepared from a crude drug; 

(7) a vaccine preparation comprising the adjuvant of any one of (1) to (6); 

(8) the vaccine preparation of (7), wherein the vaccine preparation is to be 
1 5 inoculated intranasally or orally; and 

(9) the vaccine preparation of (8), wherein the vaccine preparation comprises, 
as a vaccine, antigens from one or more pathogenic microorganisms selected from the 
group consisting of influenza virus, rotavirus, measles vims, rubella virus, mumps 
virus, AIDS virus, Bordetella pertussis, diphtheria bacillus, Helicobacter pylori, 

2 0 enterohaemorrhagic Escherichia coli (EHEC), Chlamydia, Mycoplasma, Malaria 
Plasmodium^ coccidium, and schistosome. 

The present invention further relates to use of a saponin compound having a 
presenegenin skeleton substituted with a substituted or unsubstituted sugar residue at 
position 28, where the substituted sugar residue essentially comprises an apiose 
2 5 residue as its substituent when the substituted sugar residue is tetra-substituted, as an 
adjuvant or for the production of an adjuvant. The present invention still further 
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relates to use of the adjuvant in vaccine preparations or for the production of vaccine 
preparations. 

Saponins used as the adjuvants of the present invention are a group of 
compounds having a presenegenin skeleton, which belong to saponins having 
oleanane skeleton. The skeleton is indicated as olean-12-ene-23,28-dioic acid,2,3,27- 
trihydroxy-(2 ,3 ,4 ) ifi! AS nomenclature. 

Examples of saponins having the adjuvant activity and of which structures 
have been clarified include QS-21, etc. However, the inventive saponin is 
unambiguously different from QS-21 and derivatives thereof QS-21 belongs to 
another group of saponins with oleanane skeleton, but its skeleton is quillaic acid to 
which a variety of sugars and others are hnked. The quillaic acid skeleton is indicated 
asolean-12-en-28-oicacid,3,16-dihydroxy,23-oxo-(3 ,4 ,16 ) ifiAS 
nomenclature. In other words, the presenegenin skeleton of saponins used as the 
inventive adjuvant is 23,28-dicarboxyl and has hydroxyl groups at positions 2, 3, and 
27. On the other hand, the quillaic acid skeleton is 23-aldehyde-28-carboxyl and has 
hydroxyl groups at positions 3 and 16. The structures of the two are thus clearly 
different from each other. 

Further, the above-mentioned saponin constituting the inventive adjuvant is a 
novel saponin adjuvant, because the sugar residue directly linked to the carboxyl 
group at position 28 of the presenegenin skeleton is substituted with a specific acyl 
group and because the sugar residue essentially comprises an apiose residue as its 
substituent when the sugar residue is substituted with 4 or more substituents. Herein, 
the number of substitutions for the above-mentioned sugar residue means the number 
of substituents including the linkage to the skeleton. The sugar residue linked to the 
presenegenin skeleton at position 28 is preferably a sugar with 3 or more carbon 
atoms, sugar alcohol, or sugar acid. Specifically, such sugar residues include 
glycerose residue, erythrose residue, fucose residue (referred to as Fuc), glucose 
residue (referred to as Glc), and sedoheptulose residue. Among them, when the sugar 
residue is fucose residue, the compounds include excellent saponins with low 
hemolytic activity. When the sugar linked to the carboxyl group at position 28 is 
fucose residue, the particularly preferred saponins are as shown in the above- 



SHIMUIO 

8 

mentioned formula. The sugar residue linked to the presenegenin skeleton at position 
28 may further have an arbitrary substituent such as an acyl group or a sugar residue. 
Such acyl groups include monomethoxycinnamate residue (monomethoxycinnamoyl 
group; referred to as MC) and trimethoxycimiamate residue (trimethoxycinnamoyl 
5 group; referred to as TC). Alternatively, it can be an organic acid such as lactic acid, 
pyruvic acid, succinic acid, or the like; or higher fatty acid such as oleic acid, etc. 
Further, a compound in which this acyl group per se is substituted with an amino 
group, hydroxyl group, nitro group, nitrile group, phosphate group, halogen, etc. can 
be illustrated. In addition, a compound in which the acyl group is linked to a sugar 

1 0 residue can be included. On the other hand, the sugar residue as a substituent includes 
rhamnose residue (referred to as Rha), apiose residue (referred to as Api), fucose 
residue, arabinose residue (referred to as Ara), xylose residue, glucose residue 
(referred to as Glc), glucuronic acid residue, galacturonic acid residue, mannose 
residue, mannuronic acid residue, and galactose residue. Each of these sugar residues 

15 can usually be hnked, at one or more of positions 2, 3, and 4, to the above-mentioned 
fucose residue, which is linked to the presenegenin skeleton at position 28, For 
example, a compound in which Rl and R2 of the above-mentioned formula are 
substituted with an acyl group and a sugar residue, respectively, can be illustrated. 

It is impossible to predict that saponins having the above-mentioned structure 
2 0 exhibit the strong adjuvant activity even based on descriptions in previous reports. 
For example, a study on the correlation between structure and activity for QS-21 has 
shown that the 23-aldehyde on the quillaic acid skeleton plays an important role in the 
onset of the activity (S. Soltysik, J.-Y. Wu, J. Recchia, D.A. Wheeler, M.J. Newman, 
R.T. Coughlin and C.R. Kensil, Vaccine, 13, 1403-1410, 1995), However, despite the 
2 5 fact that the saponins of the present invention have no aldehyde group but a carboxyl 
group at position 23, they have high adjuvant activities. This novel finding was 
eventually revealed based on the results of studies for long years by the present 
inventors. 



30 



The saponin constituting the inventive adjuvant is a compound having a 
presenegenin skeleton specified by the above-mentioned structure. Specific examples 
of the saponin that has a presenegenin skeleton and that is to be used in the present 
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invention include onjisaponins A, F, and G. The structures and production 
methods of these compounds are already known (S. Sakuma and J. Shoji, Chemical 
and Pharmaceutical Bulletin, 29, 2431-2441, 1981; S. Sakuma and J. Shoji, Chemical 
and Pharmaceutical Bulletin, 30, 810-821, 1981). However, it has previously been 
unknown that these compoimds have adjuvant activities for vaccination. For 
specifying the structures of these compounds, the substituents for Rl to R5 are 
summarized in Table 1. Abbreviations used in the table are the same as those of the 
substituents mentioned above. For example, regarding the onjisaponins indicated in 
the table, the number of substituents in the above-mentioned fucose residue, which is 
linked to the presenegenin skeleton at position 28, is as follows: A: 4, E: 3, F: 3, and 
G:3. 

Table 1 . Structure of the onjisaponins of the present invention 



Onjisaponin 


Rl 


R2 


R3 


R4 


R5 
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MC 


Rha 


Api 


H 


Gal 
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TC 


H 
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Gal 
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TC 


H 


Api 


Ara 
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G 


TC 


H 


Api 


H 


H 



Saponins to be used in the present invention can be extracted, separated, 
purified, and produced from natural sources, for example, medicinal plants such as a 
crude drug by combining pubhcly known methods. Alternatively, they can be 
produced by chemical synthetic means. Procedures for the production are 
exemplified as follows, 

Polygalae Radix, which is a saponin-containing crude drug, Polygala 
tenuifolia Willd., which is the original plant thereof, or any one of other plants 
belonging to the same genus is subjected to the extraction with a lower alcohol, such 
as methanol, ethanol, butanol, or the like, an organic solvent such as chloroform or the 
like, or water. The solvent is distilled off from the extract, and then the extract is 
purified by siUca gel column chromatography or the like to give saponin to be used in 
the present invention. Alternatively, in some cases, the plant is subjected to the 
extraction with a water-containing organic solvent. The resulting extract is defatted 
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with hydrocarbon such as hexane, and then the sample is partitioned with chloroform, 
butanol, or a mixed solvent such as water/chloroform or water/butanol. The organic 
solvent, in which soluble material extracted is contained, is distilled off, and then the 
extract is purified by silica gel column chromatography or the like to give the saponin. 
5 If desired, recrystallization with methanol or the like can be utilized for the 
purification. 

There is no particular hmitation on the form of usage of the inventive adjuvant 
as an active ingredient of vaccine. Specifically, it is possible to choose any of 
publicly known various adequate usage forms. The adjuvant can be physically mixed 
1 0 with or chemically linked to an antigen protein. Alternatively, the adjuvant may be 
incorporated in a carrier such as liposome. The inventive adjuvant may comprise a 
single saponin or multiple saponins. 

Further, the inventive adjuvant can concurrently be used with one or more 
publicly known adjuvants. For instance, a pertussis-diphtheria-tetanus combined 

15 vaccine containing the inventive saponin and aluminum adjuvant is shown in 

Example 5. The inventive adjuvant can induce the mucosal immunity even when 
used with aluminum adjuvant. The type of saponin to be used as the inventive 
adjuvant or publicly known adjuvant to be preferably combined with the inventive 
one can empirically be selected by considering conditions such as the type of antigen 

2 0 used as an immunogen, the type of animal to be inoculated, the safety, or others. 

Thus, desired immxmoreactivity can be enhanced as well as adverse side effects can 
be reduced by lowering amounts of both the antigen and the other adjuvant. 

The hemolytic activity of saponin is one of indexes of the safety to be 
considered. Among the above-mentioned saponins, saponins with low hemolytic 

2 5 activity, for example, onjisaponins E, F, and G, are advantageous particularly when 

used to human. These saponins have a common structure in that the sugar residue 
linked to the carboxyl group at position 28 is fiicose and fiirther in that R2 is H in the 
fucose residue. However, the hemolytic activity of a saponin such as onjisaponin Ais 
not acceptable. Nonetheless, it can be used, for example, when a vaccination route, 

3 0 by which the compound is slowly transferred into the blood, is selected, or the number 

of adjuvant inoculations is restricted within a range of acceptable level. Alternatively, 



SHIMlllO 



the compound may be converted to a derivative with lower hemolytic activity (for 
example, onjisaponin E) by using a publicly known chemical modification method. 
The compound can be utihzed as a material to give other derivatives. 

New vaccine preparations are provided by utilizing the inventive adjuvant. 
5 The vaccine preparations of the present invention include vaccines in both narrow and 
broad senses. Specifically, the vaccines include: i) vaccines in a narrow sense, which 
are effective to infectious diseases of human and other animals caused by virus, 
bacterium, fungus, protozoan, other microorganisms. Such vaccines are exempUfied 
by various vaccines such as influenza vaccine, pertussis vaccine, purified pertussis- 

1 0 diphtheria-tetanus combined vaccine, Japanese encephalitis vaccine, hepatitis B 
vaccine, rotavirus vaccine, measles vaccine, rubella vaccine, mumps vaccine, 
measles-rubella-mumps combined vaccine, measles-rubella combined vaccine, and 
Haemophilus influenzae vaccine. The vaccines also include multi-drug resistant 
Staphylococcus aureus (MRS A) vaccine, Helicobacter pylori (abbreviated as H 

1 5 pyroli hereafter) vaccine, enterohaemorrhagic Escherichia coli (EHEC) vaccine. 

Salmonella vaccine. Chlamydia vaccine, Mycoplasma vaccine, AIDS vaccine, malaria 
vaccine, coccidium vaccine, and schistosome vaccine. Further, ii the vaccines in a 
broad sense are exemplified by vaccines, which are effective in the prevention and 
treatment of non-infectious diseases, such as cancer vaccine, infertility vaccine, 

2 0 gastric ulcer vaccine, diabetic vaccine, and arteriosclerotic vaccine. 

These vaccines include various vaccines that are categorized based on the 
types of methods to produce them. Specifically, the vaccines include attenuated live 
vaccine, inactivated vaccine, component vaccine, vaccine using DNA, etc. The 
vaccine using DNA includes vaccines containing DNA fi-agment integrated in a 

2 5 carrier such as plasmid and vaccines used in combination with ribozyme or antisense 

ohgonucleotide, and the like. The permeabiUty of DNA firagment, ribozyme, or 
antisense oligonucleotide can be enhanced by the inventive saponin adjuvant. These 
vaccines can be used for prevention or treatment. The vaccines also include 
recombinant vaccines containing, as their active ingredient, the antigen produced in 

3 0 biological cells engineered by gene recombination techniques. These vaccines may 
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be plain vaccines or combined vaccines. The production methods and usage forms of 
the vaccines are exemphfied as follows. 

Influenza vaccine; spUt vaccine containing hemagglutinin (HA), 
neuraminidase (NA), nuclear protein (NP), matrix protein (M), or a part of these that 
5 is obtained by the following steps: growing the viruses in embryonated eggs or in 
Vero cells by using animal cell culture techniques; degrading the viruses with ether, 
detergent, etc.; and purifying or that is obtained by gene recombination techniques or 
chemical synthesis; or DNA vaccine for intranasal inoculation that contains DNA 
fragments containing genes encoding these proteins. 

Pertussis vaccine; inactivated vaccine that is obtained by the following steps: 
culturing Bordetella pertussis, treating the culture supernatant or bacteria by salting- 
out, ultracentrifugation, and others to extract constituents of interest, and detoxicating 
with formalin; or vaccine containing mutant pertussis toxin (PT), filamentous 
hemagglutinin (FHA), 69 K membrane protein, or a partial peptide of these that is 
prepared by gene recombination techniques or prepared as a product of artificial 
mutant strain obtained by the treatment with a mutagenizing agent. 

Pertussis-diphtheria-tetanus combined vaccine; this is a triple vaccine prepared 
by mixing pertussis vaccine with diphtheria toxoid and tetanus toxoid. 

Japanese encephahtis vaccine; inactivated vaccine that is obtained by the 
following steps: growing the viruses in the mouse brain or in Vero cells by using 
animal cell culture techniques; purifying the virus particles by ultracentrifugation or 
with ethyl alcohol, and inactivating the virus with formalin; or vaccine containing 
antigen proteins obtained by gene recombination techniques or chemical synthesis. 

Hepatitis B vaccine; plasma vaccine that is obtained by separating and 
2 5 purifying HBs antigen by salting-out and ultracentrifugation using blood collected 
from hepatitis B carriers as raw material; or recombinant vaccine containing the 
antigen portions obtained by gene recombination techniques or chemical synthesis. 

Measles vaccine; Uve vaccine of attenuated virus that is prepared by growing 
the virus in culture cells such as chicken fetal cells or in embryonated eggs; 
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recombinant vaccine containing a part of the virus; or recombinant vaccine containing 
the protective antigen prepared by gene recombination techniques or chemical 
synthesis. 

Rubella vaccine; vaccine containing the viruses grown in culture cells such as 
chicken fetal cells or in embryonated eggs, a part of the vims, or the protective 
antigen prepared by gene recombination techniques or chemical synthesis. 

Mumps vaccine; attenuated live vaccine containing the viruses grown in 
culture cells such as rabbit cells or in embryonated eggs, a part of the virus, or the 
protective antigen prepared by gene recombination techniques or chemical synthesis. 

Measles-rubella combined vaccine; dual vaccine that is obtained by mixing 
measles vaccine and rubella vaccine. 

Measles-rubella-mumps combined vaccine; triple vaccine that is obtained by 
mixing measles vaccine, rubella vaccine, and mumps vaccine. 

Rotavirus vaccine; vaccine containing the viruses grown in culture cells such 
as MAI 04 cell, the viruses collected from patient's feces, a part of the viruses, or the 
protective antigen prepared by gene recombination techniques or chemical synthesis. 

Mycoplasmdi vaccine; vaccine containing Mycoplasma grown in medium for 
Mycoplasma, a, part thereof, or the protective antigen prepared by gene recombination 
techniques or chemical synthesis. 

AIDS vaccine; vaccine containing the viruses grown in culture cells, the 
viruses obtained from patients, a part of these, or the protective antigen prepared by 
gene recombination techniques or chemical synthesis; or DNA vaccine containing 
effective DNA fragments. 

H. pylori vaccine; vaccine containing, as antigens, lysate of cultured H, pylori, 
or urease, heat shock protein, toxin, and others separated from cultured K pylori; or 
vaccine for injection, oral inoculation, or intranasal inoculation that comprises these 
antigen proteins produced by gene recombination techniques. 
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The above vaccines are provided as liquid forms or powdered forms. If 
desired to be powdered, the vaccines can be prepared as pharmaceutical preparations 
by a method including freeze-drying. Liquid forms of the pharmaceutical 
preparations are often suitable for the intranasal inoculation (intranasal spray, 
intranasal instillation, spread, etc.) and injection. Alternatively, the intranasal 
inoculation can be done by a method with powder spray. The inventive vaccine 
preparations can also be formulated with a pubhcly known stabilizer or preservative. 
The stabilizer includes about 0.1 to 0.2% gelatin or dextran, 0,5 to 1% sodium 
glutamate, about 5% lactose, about 2% sorbitol, etc. Known preservatives include 
about 0.0 1 % thimerosal and about 0. 1 % ^ropiolactone. 

The mixing ratio between vaccine antigen and saponin can be, for example, 
1 :0.0001 to 1 ; 10,000 (weight ratio) in vaccine preparations of the present invention. 
The range is just a typical example. A suitable ratio is selected depending on the type 
of vaccine. Methods required for the selection are known to those skilled in the art. 

The inventive vaccine preparation can be prepared by mixing the above- 
mentioned immunogen with the inventive adjuvant at an adequate mixing ratio. The 
preparation must be done under strictly sterile conditions. Each of raw materials must 
be completely sterile. As the matter of course, contaminated proteins that are 
unnecessary for vaccination and that act as pyrogens or allergens must be removed as 
much as possible. Methods to achieve the treatment are known to those skilled in the 
art. The inventive vaccine preparation can be effective even when the vaccine antigen 
and the inventive saponin are separately prepared as pharmaceutical preparations and 
then the two are mixed with each other at the time of inoculation or the two are 
separately inoculated at almost the same time. 

Method of vaccination 

The vaccine preparation of the present invention can be utilized by any of 
publicly known methods. 

The dose is preferably 5 to 50 1 in intranasal inoculation to mouse. The dose 
is preferably 0.1 to 1.0 ml in inoculation to human by intranasal administration or 
injection. The dose is changeable when desired. Regarding the combination with 
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immunological antigen, for example, it has been believed that the following 
immunological antigens are advantageously inoculated intranasally or orally in terms 
of vaccination effect or inoculation procedure: 

influenza virus, rotavirus, measels virus, rubella virus, mumps virus, human 
5 immunodeficiency vims, Bordetella pertussis, diphtheria bacillus, H. pylori, 

enterohaemorrhagic Escherichia coli (EHEC), Chlamydia, Mycoplasma, Plasmodium, 
coccidium, and schistosome. 

These immunological antigens can be inoculated singly or concurrently, for 
example, like pertussis-diphtheria-tetanus triple vaccine or measels-rubella dual 
vaccine. The intranasal and oral inoculations are preferable, because mucous 
membranes of the respiratory tract and digestive tract can be infection routes. It is 
preferable to use a suitable adjuvant exhibiting the activity of enhancing the 
immunological actions in order to induce the immunity in local mucous membranes, 
which are infection routes. Further, some vaccinations, such as vaccination against 
Plasmodium, are performed in regions without sufficient medical facilities in most 
cases. In such occasions, it is advantageous to select vaccination routes such as 
intranasal or oral inoculation route, because a person who is not a medical technician 
such as physician or nurse can perform the vaccination. 

Brief Description of the Drawings 

2 0 Figure 1 indicates a graph showing the results of primary production of 

antibody in the serum when an influenza vaccine was intranasally inoculated as the 
inventive vaccine preparations. In this figure, the ordinate indicates the antibody titer 
(2" HI unit) and the abscissa indicates the type of adjuvant used. 

Figure 2 indicates a graph showing the results of secondary production of 
2 5 antibody in the serum when an influenza vaccine was intranasally inoculated as the 
inventive vaccine preparations. In this figure, the ordinate indicates the antibody titer 
(2" HI unit) and the abscissa indicates the type of adjuvant used. 

Figure 3 indicates a graph showing the results of secondary production of 
antibody in the nasal irrigation liquid when an influenza vaccine was intranasally 
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inoculated as the inventive vaccine preparations. In this figure, the ordinate indicates 
the antibody titer (ELISA unit) and the abscissa indicates the type of adjuvant used. 

Figure 4 indicates a graph showing the results of secondary production of 
antibody in the serum when a pertussis-diphtheria-tetanus combined vaccine was 
intranasally inoculated as the inventive vaccine preparations. In this figure, the 
ordinate indicates the antibody titer (ELISA unit) and the abscissa indicates the type 
of adjuvant used. 

Figure 5 indicates a graph showing the results of secondary production of 
antibody in the nasal irrigation hquid when a pertussis-diphtheria-tetanus combined 
vaccine was intranasally inoculated as the inventive vaccine preparations. In this 
figure, the ordinate indicates the antibody titer (ELISA unit) and the abscissa indicates 
the type of adjuvant used. 

Figure 6 indicates a graph showing hemolytic activity of the inventive 
adjuvant. In this figure, the ordinate indicates the amount of released hemoglobin 
(absorbance at 490 nm)and the abscissa indicates the final concentration ( g/ m 1) of 
saponin. 

Figure 7 indicates a graph showing the results of secondary production of 
antibody in the serum when an influenza vaccine was intranasally inoculated as the 
inventive vaccine preparations together with the low-dosage adjuvant. In this figure, 
the ordinate indicates the antibody titer (2" HI unit) and the abscissa indicates the type 
of adjuvant used. 

Figure 8 indicates a graph showing the results of secondary production of 
antibody in the nasal irrigation liquid when an influenza vaccine was intranasally 
inoculated as the inventive vaccine preparations together with the low-dosage 
adjuvant. In this figure, the ordinate indicates the antibody titer (ELISA unit) and the 
abscissa indicates the type of adjuvant used. 
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Best Mode for Carrying out the Tnventinn 

The present invention is illustrated below with reference to Examples, but is 
not to be construed as being limited thereto. 

Example 1 . P reparation of saponin Tmethod 1 ) 

5 A preparation method is described for onjisaponins A, E, F, and G. 

Onjisaponins A, E, F, and G were prepared according to the method of Shoji et al. (S. 
Sakuma and J, Shoji, Chemical and Pharmaceutical Bulletin, 29, 2431-2441, 1981; S. 
Sakuma and J. Shoji, Chemical and Pharmaceutical Bulletin, 30, 810-821, 1981). 

Specifically, Polygalae Radix (500 g) was refluxed with 1 Uter of methanol 
1 0 and then a methanol-soluble fraction was yielded. The residue was repeatedly treated 
6 times in the same manjier. The methanol-soluble fraction was then dried under 
reduced pressure to give a methanol extract (yield, 150 g; recovery rate, 30%). The 
extract was dissolved in distilled water, and then the resulting solution was subjected 
to shaking extraction with 1 Uter of benzene 3 times to remove the lipid fraction. The 
1 5 resulting aqueous layer was ftirther subjected to shaking extraction with 1 .5 liters of 
water-saturated butanol 6 times to give a butanol-soluble fraction. The butanol- 
soluble fraction was dried under reduced pressure, and then the resulting residue was 
re-dissolved in 3 liters of butanol. The solution was concentrated to an about 1/5 
volume under reduced pressure. The resultant precipitate was collected as a crude 
2 0 saponin fraction (yield, 40 g; recovery rate, 8%). The crude saponin fraction v^as 
further fractionated by silica gel column chromatography using water-saturated 
butanol to give a mixture fraction (Fr 1) of onjisaponins D, E, F, and G and a mixture 
fraction (Fr. 2) of onjisaponins A, B, and C. Each of Frs. 1 and 2 was fractionated by 
silica gel column chromatography [eluate, chlorofonn:methanol:ethanol:10% acetic 

2 5 acid = 8:4: 1 :2 (the upper layer was used)]. Fr 1 yielded crude onjisaponin F fraction, 

G fraction, and a mixture fraction of D and E. Fr. 2 yielded crude onjisaponin A 
fraction, B fraction, and C fraction. The mixture fraction of onjisaponins D and E was 
further fractionated by silica gel column chromatography [eluate, butanohethyl 
acetate:water ^4:1:2 (the upper layer was used)] to give crude onjisaponin D fraction 

3 0 and E fraction. The crude onjisaponin fractions were separately ftirther purified by 
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using Sephadex LH-20 (eluate, methanol) to give purified onjisaponins A (recovery 
rate, 0.52%), B (recovery rate, 0.77%), C (recovery rate, 1.07%), D (recovery rate, 
0,29%)), E (recovery rate, 0.28%), F (recovery rate, 0.94%), and G (recovery rate, 
0.11%). 

Example 2. Preparation of saponin Tmethod 2) 

Preparation method with a variety of high performance liquid chromatography 
(HPLC) was tested for the production of onjisaponins A, E, F, and G. 

Specifically, 500g of Polygalae Radix were decocted with 10 liters of distilled 
water. After the water was reduced to half that volume, the mixture was fihered with 
stainless mesh. The resulting residue was again treated with 10 liters of distilled 
water in the same manner. The extracts were mixed together and filtered with a glass 
fiber filter. The resulting filtrate was subjected to freeze-drying treatment to give a 
hot-water extract. The hot-water extract (133.90 g) was dissolved in 1.79 liters of 
distilled water, and then subjected to centrifugation to give a supernatant. Four times 
as much volume of ethanol was added to the supernatant. Ethanol precipitation was 
carried out by stirring the mixture at room temperature overnight. The solution was 
allowed to stand still for a day to fractionate the precipitation. The precipitated 
material was separated from the supernatant. Further, the residual precipitate that 
remained to be separated was fractionated by centrifugation. The obtained 
supematants were mixed together. The solvent was distilled off under reduced 
pressure to give a fraction originating from ethanol-precipitation supernatant. The 
fraction originating from ethanol-precipitation supematant was re-dissolved in 1 liter 
of water. The solution was subjected to shaking extraction with 600 ml of hexane to 
remove lipid fraction. The resulting aqueous layer was further subjected to shaking 
extraction with 1 liter of chloroform and subsequently with 3 hters of water-saturated 
n-butanol. Then, the solvent was distilled off under reduced pressure to give a 
chloroform-soluble fraction or a butanol-soluble fraction. 

Each of these chloroform-soluble and butanol-soluble fractions was suspended 
in water of 1 hter, and then dialyzed against distilled water for 10 days by using a 
dialysis membrane (exclusion molecular weight, 10,000). The inner dialysate solvent 
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was distilled off under reduced pressure to give a chloroform-soluble or a butanol- 
soluble non-dialyzed active fraction. The resulting fractions were further fractionated 
by HPLC using a hydroxyapatite column. The fractionation was performed by using 
a mixed solvent of water and acetonitrile as an eluate to give a mixture of 
onjisaponins A, F, and G. 

The active mixture fractions were fiirther fractionated by HPLC using a 
phenyl column. The fractionation was carried out by using a mixed solvent of water 
and acetonitrile as an eluate to give fractions containing onjisaponins A, E, F, and G. 
By this purification method, onjisaponins A, E, F, and G can be obtained without the 
hydroxyapatite-HPLC procedure. 

It is possible to verify the effectiveness of saponin with presenegenin skeleton 
as the adjuvant by using a publicly known biological method. The following 
Examples demonstrate that onjisaponins A, E, F, and G are effective as the adjuvant 
for enhancing the antibody production for a variety of vaccines. 

Example 3. Enhanci ng effect on the production of antibody against influenza HA 
vaccine inoculated intranasally 

Purified influenza viruses (A/PR/8/34 strain) were treated with ether to 
remove lipid constituents. The resulting HA vaccine (the amount of HA was 0.5 
mg/ml) was mixed with the same volume of saline solution (1 mg/ml) of onjisaponins 
A, E, F, or G purified by the method as shown in Example 1 to give a vaccine 
preparation. The purity of each fraction of onjisaponin used was at least about 95% or 
higher. BALB/c mice (7-week-old females) were anesthetized with amobarbital. The 
vaccine preparation (20 1) was dropped into the left nasal cavity with a micro- 
pipette. After 4 weeks, whole blood was collected from the heart of each mouse 
under ether anesthesia to prepare the serum. The serum was first treated with RDE 
(receptor destroying enzyme) to remove nonspecific hemagglutinating substances. 
The serum was serially 2-fold diluted in U-shaped wells of a micro-titer plate. Each 
was mixed with 16 HA unit of the virus. After the mixed sample was allowed to stand 
still for 30 minutes at room temperature, chicken erythrocytes were added thereto. 
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The mixture was allowed to stand still at room temperature for an hour. Then, the 
titer of hemagglutination inhibiting (HI) antibody was evaluated. 

Figure 1 shows the influence of onjisaponins A, E, F, and G on the HI 
antibody titer in the serum. When the HA vaccine alone was inoculated intranasally, 
5 the HI antibody was detected to be at a low level. However, when the HA vaccine 
was inoculated together with onjisaponins A, E, and F, the HI antibody titer was 
elevated in the serum 8 to 14 times relative to that in the case of the vaccine alone. In 
addition, onjisaponin G increased 3 to 5 times the HI antibody titer. These findings 
suggest that the onjisaponins can enhance the production of antibody against the 
1 0 coexisting influenza HA vaccine. 

Example 4. Enhancing effect on the secondary production of antibody against 
influenza HA vaccine 

An influenza HA vaccine (1 mg/ml) prepared in the same manner as shown in 
Example 3 was mixed with the same volume of saline solution of the sample (1 

15 mg/ml) to give a vaccine preparation. BALB/c mice (7-week-old females) were 
anesthetized by intraperitoneally inoculating sodium amobarbital. The vaccine 
preparation (20 5 was intranasally inoculated to mice. After bred for 3 weeks, the 
mice were further subjected to secondary intranasal inoculation of the vaccine alone. 
After the mice were bred for fiirther one week, sera and nasal irrigation hquids were 

2 0 prepared from them. The titer of anti-influenza virus antibody in the serum was 
evaluated based on the HI antibody titer. After bloodletting, the nasal irrigation 
liquids were collected fi-om the mice by perfiising the right and left nasal cavities 
twice with 1 ml of phosphate buffered saUne (PBS) containing 0.1% bovine serum 
albumin (BSA). The quantities of anti-HA-IgA and anti-HA-IgG in the nasal 

2 5 irrigation liquids were determined by enzyme Unked immunosorbent assay (ELISA). 

Prior to the assay for anti-HA-IgA, each well of a 96-well EIA plate (Linbro) was 
treated with 100 1 of HA vaccine (5 g/ml) suspended in a coating buffer (0.01 M 
carbonate-sodium bicarbonate buffer, pH 9.6). The plate was allowed to stand still for 
the coating at room temperature for 2 hours. The plate was then washed with Tween- 

3 0 20-containing PBS (abbreviated as PBS-Tween hereafter). Subsequently, each well 

was coated with 200 1 of PBS containing 1% BSA and 0.1% NaNs. The plate was 
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allowed to stand still at 4''C overnight, and then washed with PBS-Tween. 
Subsequently, a 100- 1 aliquot of protein G-Sepharose 4FF (Pharmacia-Biotech Co.) 
unadsorbed fraction of the nasal irrigation Uquid was added to each well. The plate 
was allowed to stand still at room temperature for 2 hours and then washed with PBS- 
Tween. Subsequently, 100 1 of alkaline phosphatase-labeled goat anti-mouse IgA 
( - chain specific, 1 : 1 000) diluted with PBS containing BSA and 0.1% NaNs was 
added to each well. The mixture was allowed to stand still at room temperature 
overnight. Then, the plate was washed with PBS-Tween. Sodium j!?-nitrophenyl 
phosphate (1 mg/ml; Sigma Co.) dissolved in 10% diethanolamine buffer (pH 9.8) 
was added to each well. The mixture was allowed to stand still at room temperature 
for 20 to 30 minutes. Then, the color development was monitored with O.D. at 405 
nm in a plate reader (type MRX-MD, Dynex Co). The assay for anti-HA-IgG was 
carried out by using a protein G-Sepharose 4FF-adsorbed fraction of the nasal 
irrigation liquid as a sample and by using an alkaline phosphatase-labeled rabbit anti- 
IgG ( -chain specific, 1:1000) as a secondary antibody. 

Figure 2 shows the influence of onjisaponins A, E, F, and G on the production 
of anti-influenza virus antibody in the serum in secondary response. The onjisaponins 
A, E, F, and G increased the HI antibody titer in the serum 27 to 50 times as 
compared with the case where the HA vaccine alone was used. The adjuvant activity 
of the onjisaponins was comparable to that of the same amoimt of cholera toxin B 
subunit (CTB; Unexamined Published Japanese Patent Application NO. Hei 2- 
243633) used as a positive control. 

Figure 3 shows the influence of onjisaponins A, E, F, and G on the production 
of anti-influenza virus IgA and IgG antibodies in the nasal irrigation liquid in 
secondary response. The anti-HA-IgA and IgG antibodies were detected at very low 
levels in the primary intranasal inoculation of the vaccine alone. On the other hand, 
the anti-HA-IgA and IgG antibody titers in the nasal irrigation liquid was increased to 
the highest level in a group primarily inoculated with the vaccine in combination with 
onjisaponin A, which was comparable to that found in a group primarily inoculated 
with the vaccine in combination with CTB. In addition, while onjisaponin F 
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increased the production of both anti-HA-IgA and IgG antibodies, onjisaponins E and 
G increased only the production of anti-HA-IgA to a statistically significant level. 

These findings suggest that the onjisaponins used in the primary inoculation 
have the activities of very strongly enhancing antibody production induced by the 
5 secondary inoculation. In other words, this means that the onjisaponins strongly 
induce the memory effect on the coexisting HA vaccine. 

Example 5. Enhancing effect on the production of antibody against pertussis- 
diphtheria-tetanus combined vaccine 

The saline solution (1 mg/ml) of onjisaponin used in Example 3 was mixed 
10 with a pertussis-diphtheria-tetanus combined vaccine (containing 15 g / mlof 

pertussis vaccine, 2 LF/ml of tetanus toxoid, 20 LF/ml of diphtheria toxoid, and 0.27 
mg/ml of aluminum hydroxide gel; Kitasato Institute) to give a vaccine preparation, 
BALB/c mice (7-week-old females) were anesthetized by intraperitoneally 
inoculating sodium amobarbital The vaccine preparation (20 ^ was intranasally 
1 5 inoculated to each mouse. The same amount of the vaccine was further inoculated to 
each mouse after 4 weeks. The mice were bred for 2 weeks and then the sera and 
nasal irrigation hquids were collected from the mice. The evaluation of antibody titer 
was performed by ELISA for anti-pertussis toxin (PT)-IgG, anti-diphtheria toxoid 
(DT)-IgG, and anti-tetanus toxoid (TT)-IgG antibodies in the sera and for anti-PT- 
2 0 IgA, anti-DT-IgA, and anti-TT-IgA antibodies in the nasal irrigation liquids. 

Figure 4 shows the influence of onjisaponins A, E, F, and G on the antibody 
titers of anti-PT-IgG, anti-DT-IgG, and anti-TT-IgG in the serum. The respective 
titers of anti-PT-IgG, anti-DT-IgG, and anti-TT-IgG antibodies were found to be at 
low levels in a group subjected to the inoculation of pertussis-diphtheria-tetanus 

2 5 combined vaccine alone. On the other hand, the titers of anti-PT-IgG, anti-DT-IgG 

and anti-TT-IgG antibodies in the serum were increased to highest levels in a group 
subjected to the primary inoculation of a mixture of the vaccine and onjisaponin A, 
which were comparable to those in a group subjected to the inoculation of the vaccine 
and CTB (cholera toxin B subunit). While onjisaponin F also elevated the titers of 

3 0 anti-PT-IgG, anti-DT-IgG, and anti-TT-IgG antibodies in the serum, onjisaponin G 
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increased only anti-TT-IgG antibody titer to a statistically significant level in the 
serum. When used in the same quantity as those of other samples, a saponin mixture, 
Quil A, derived from the tree bark of Quillaja saponaria, exhibited no adjuvant 
activity for the titers of anti-PT-IgG, anti-DT-IgG, and anti-TT-IgG antibodies in the 
serum. 

Figure 5 shows the influence of onjisaponins A, E, F, and G on the titers of 
anti-PT-IgA, anti-DT-IgA and anti-TT-IgA antibodies in the nasal irrigation liquids. 
The antibody titers of anti-PT-IgA, anti-DT-IgA, and anti-TT-IgA were found to be 
low in a group inoculated with a pertussis-diphtheria-tetanus combined vaccine alone. 
On the other hand, the titers of anti-PT-IgA, anti-DT-IgA, and anti-TT-IgA antibodies 
in the nasal irrigation liquid were increased to highest levels in a group primarily 
inoculated with the vaccine together with onjisaponin A or F, which were comparable 
to those in a group subjected to the inoculation of the vaccine and CTB. Onjisaponin 
G also elevated the titers of anti-DT-IgA and anti-TT-IgA antibodies in the nasal 
irrigation liquid. While Quil A slightly increased the titer of anti-PT-IgA antibody in 
the nasal irrigation liquid, it exhibited no adjuvant activity for the titers of anti-DT- 
IgA and anti-TT-IgA antibodies. 

Example 6. Hemolytic test for active saponins 

It has been known that saponins generally have the hemolytic activity. Thus, 
the inventive active saponins were tested for the hemolytic activity as follows. The 
sheep erythrocytes were washed 3 times with phosphate buffered saline (PBS), and 
then diluted 2.5 times with the same buffer for the subsequent experiment. Aliquots 
(100 1) of solutions of onjisaponins A, E, F, and G (200, 100, 50, 25, 6.25, 3,125 
g/ml-PBS solution) were added to V-shaped wells of a 96-well micro-plate, and 25 
1 of sheep erythrocyte suspension was added to each well. The plate was allowed to 
stand still at room temperature for 30 minutes. Then, the samples were centrifliged at 
1000 rpm for 5 minutes. An aliquot (50 1) of the resulting supernatant was 
transferred to a flat-bottomed well of a plate and the absorbance thereof was measured 
at 490 nm in a micro-plate reader (Model 450, BioRad Co.). The hemolytic activity 
of test compound was evaluated based on the increase in absorbance at 490 nm, which 
results from the release of hemoglobin from sheep erythrocytes. Figure 6 shows the 
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hemolytic activities of onjisaponins A, E, F, and G. Large differences were found in 
the hemolytic activity among the compounds. The hemolysis was hardly recognized 
with onjisaponin E or F at a final concentration of 200 g / ml. On the other hand, a 
moderate degree of hemolysis was observed with onjisaponin G and hemolysis clearly 
occurred with onjisaponin A. 

Example 7. Preparation of influenza HA vaccine-onjisaponin pharmaceutical 
preparation (injection) 

Onjisaponins E and F were dissolved in PBS. The PBS solution was sterilized 
by filtration and then mixed with influenza HA vaccine (HA 1 mg/ml) so that 0.5 ml 
of the solution contained 5 to 10 g of the influenza HA vaccine and 10 g ofhe 
onjisaponins. The solution was added into containers, which was used as an influenza 
HA vaccine-onjisaponin injection. Such preparations can be stored at 10°C or lower 
in a cool and dark place. 

The influenza HA vaccine and saponin prepared above were inoculated into 
mice. The antibody production was evaluated afl;er 4 weeks. The test results showed 
that the titer of HI antibody was 2^ in the blood of mice subjected to the inoculation of 
influenza HA vaccine alone and that the titer was 2^^ '^ with saponin-containing 
vaccine. 

Example 8. Preparation of pertussis vaccine-onjisaponin pharmaceutical preparation 
(nasal drop) 

Onjisaponin F was dissolved in PBS and the solution was sterilized by 
filtration. The solution was mixed with a pertussis vaccine so that 20 1 of the 
solution contained pertussis vaccine of which amount corresponded to 15 g of 
protein nitrogen and 10 g of the onjisaponin. Apreservative (0.005% thimerosal) 
was added to the solution. The resulting mixture was added into containers, which 
was used as a pertussis vaccine-onjisaponin preparation to be used by intranasal 
inoculation. Such preparations should be stored at 10°C or lower in a cool and dark 
place. 
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The pertussis vaccine and saponin prepared above were intranasally inoculated 
into mice. The same amount of the vaccine was further inoculated to the mice after 4 
weeks, and then the antibody production was evaluated. The test results showed that 
the titer of anti-PT-IgG antibody was 156.3 ELISAunits in the blood of mice 
5 subjected to the inoculation of pertussis vaccine alone and that the titer was 334.2 
ELISAunits with saponin-containing vaccine. While the titer of anti-PT-IgA 
antibody was 6 ELISAunits in the nasal irrigation liquid of mice subjected to the 
inoculation of pertussis vaccine alone, the titer was 12 ELISAunits with saponin- 
containing vaccine. 

10 Example 9. Preparation of hepatitis B vaccine-onjisaponin phar maceutical 
preparation (injection) 

Onjisaponins F and G were dissolved in PBS and sterihzed by filtration. The 
solution was mixed with a hepatitis B vaccine so that 1 ml of the solution contained 
HBs antigen of which amount corresponded to 40 g of protein and 10 g of the 
15 onjisaponin, Apreservative (0.01% thimerosal) and stabilizer (0.2% porcine gelatin) 
was added to the solution. The resulting mixture was added into containers, which 
was used as a hepatitis B vaccine-onjisaponin injection. Such preparations should be 
stored at lO^^C or lower in a cool and dark place. 

The hepatitis B vaccine and saponin prepared above were inoculated into 
2 0 mice. The antibody production in the blood was evaluated after 3 weeks. The test 
results by passive hemagglutination showed that the antibody titer was 2^^ units in 
mice subjected to the inoculation of hepatitis B vaccine alone and was 2^'^ units with 
saponin-containing vaccine. 

Example 10. Preparation of .Japanese encephali tis vaccine-oniisaponin 

2 5 pharmaceutical preparation Tinjection'^ 

Onjisaponins F and G were dissolved in PBS. The PBS solution was sterihzed 
by filtration and then mixed with Japanese encephalitis vaccine so that 1 ml of the 
solution contained inactivated Japanese encephalitis virus particles corresponding to 
lO"^^ PFU and 10 g ofonjisaponins. A stabiUzer (0.2% porcine gelatin) was added 

3 0 to the solution. The resulting mixture was added into containers, which was used as a 
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Japanese encephalitis vaccine-onjisaponin injection. Such preparations should be 
stored at 10°C or lower in a cool and dark place. 

The Japanese encephalitis vaccine and saponin prepared above were 
inoculated twice at a 1-week interval into mice. The antibody production in the blood 
was evaluated. The test results showed that the titer of neutraUzing antibody was 
10^'^^ units in mice subjected to the inoculation of the Japanese encephalitis vaccine 
alone, and the titer was 10^*^^ units with saponin-containing vaccine. 

Example 11. Preparation of measles vaccine-onjisaponin pharm aceutical preparation 
fnasal drop^ 

Onjisaponin E was dissolved in PBS and the solution was steriUzed by 
filtration. The solution was mixed with a measles vaccine so that 20 1 of the 
solutioncontainedmeasles vaccine of which amount corresponded to 20 g of the 
virus particles and 2.5 g of the onjisaponin. A stabilizer (0.2% porcine gelatin, 0.1% 
sodium glutamate, 5% lactose) was added to the solution. The resulting mixture was 
added into containers, which was used as a measles vaccine-onjisaponin nasal drop. 
Such preparations should be stored at 10°C or lower in a cool and dark place. 

The measles vaccine and saponin prepared above were inoculated twice at a 3- 
week interval into mice. Then, the antibody production in the blood was evaluated. 
The test results showed that the ELISA antibody titer was 0.18 in mice subjected to 
the inoculation of measles vaccine alone, and the titer was 0.25 with saponin- 
containing vaccine. 

Example 12. Preparation of rubella vaccine-onjisapo nin pharmaceutical preparation 
(nasal drop^ 

Onjisaponin E was dissolved in PBS and the solution was sterilized by 
filtration. The solution was mixed with a rubella vaccine so that 20 1 of the mixture 
contained rubella vaccine of which amount corresponded to 20 g of the virus 
particles, and 2.5 g ofonjisaponin. A stabilizer (0.1% sodium glutamate, 
5%lactose) was added to the solution. The resulting mixture was added into 
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containers, which was used as a rubella vaccine-onjisaponin nasal drop. Such 
preparations should be stored at 10°C or lower in a cool and dark place. 

The rubella vaccine and saponin prepared above were inoculated twice at a 3- 
week interval into mice. Then, the antibody production in the blood was evaluated. 
The test results showed that the ELISA antibody titer was 0.13 in mice subjected to 
the inoculation of the vaccine alone, and the titer was 0.850 with saponin-containing 
vaccine. 

Example 13. Preparation of mumps vaccine-onjisapon in pharmaceutical r>ret)aration 
(nasal drop) 

Onjisaponin E was dissolved in PBS and the solution was sterilized by 
filtration. The solution was mixed with a mumps vaccine so that 20 1 of the solution 
contained mumps vaccine of which amount corresponded to 20 g of the virus 
particles and 2.5 g of the onjisaponin. A stabilizer (0.2% porcine gelatin, 0.1% 
sodixmi glutamate, 5% lactose) was added to the solution. The resulting mixture was 
added into containers, which was used as a mumps vaccine-onjisaponin nasal drop. 
Such preparations should be stored at 10°C or lower in a cool and dark place. 

The mumps vaccine and saponin prepared above were inoculated twice at a 3- 
week interval into mice. Then, the antibody production in the blood was evaluated. 
The test results showed that the ELISA antibody titer was 0.023 in mice subjected to 
the inoculation of vaccine alone, and the titer was 0.045 with saponin-containing 
vaccine. 

Example 14. Preparation of measles-rubella combined vaccine-onjisaponin 
pharmaceutical preparation f nasal drop") 

Onjisaponin E was dissolved in PBS and the solution was steriUzed by 
filtration. The solution was mixed with measles-rubella vaccine so that 20 1 of the 
solution contained the respective vaccines of which amounts corresponded to 7 g of 
the virus particles and 2.5 g of the onjisaponin. A stabilizer (0.2% porcine gelatin, 
0.1% sodium glutamate, 5% lactose) was added to the solution. The resulting mixture 
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was added into containers, which was used as a measles-rubella vaccine-onjisaponin 
nasal drop. Such preparations should be stored at 10°C in a cool and dark place. 

The measles-rubella vaccine and saponin prepared above were inoculated 
twice at a 3-week interval into mice. Then, the antibody production in the blood was 
5 evaluated. The test results showed that the ELISA antibody titer was 0.14 for measles 
or 0.090 for rubella in mice subjected to the inoculation of the vaccine alone, and the 
titer was 0.30 for measels or 0.29 for rubella with saponin-containing vaccine. 

Example 15. Preparation of rotavirus vaccine-onjisaponin pharmac eutical preparation 
(oral preparation, nasal drop) 

1 0 Onjisaponins E and F were dissolved in PBS and the solution was sterilized by 

filtration. The solution was mixed with a rotavirus vaccine so that 20 1 of the 
solution contained rotavirus vaccine of which amount corresponded to 3.3 g of the 
virus particles and 10 g ofthe onjisaponin. The solution was added into containers, 
which was used as a rotavirus vaccine-onjisaponin oral preparation or nasal drop. 

1 5 Such preparations should be stored at 10°C or lower in a cool and dark place. 

The rotavirus vaccine and saponin prepared above were inoculated twice at a 
3-week interval into mice. Then, the antibody production in the blood was evaluated. 
The test results showed that the ELISA antibody titer was 0.089 with intranasal 
inoculation ofthe vaccine alone and the titer was 0.38 with saponin-containing 
2 0 vaccine and that the titer was 0.018 in the case of oral inoculation ofthe vaccine alone 
and it was 0.27 with saponin-containing vaccine. 

Example 16. Preparation oi Mycoplasma vaccine-onjisapo nin pharmaceutical 
preparation (injection) 

Onjisaponins E and F were dissolved in PBS and the solution was steriHzed by 
2 5 filtration. The solution was mixed with a Mycoplasma vaccine so that 1 ml ofthe 
solution coni2im&& Mycoplasma vaccine of which amount corresponded to 2.0x10^*^ 
CFU (colony forming unit) virus particles and 10 g of the onjisaponins. The 
solution was added into containers, which was used as 2i Mycoplasma vaccine- 
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onjisaponin injection. Such preparations should be stored at 10°C or lower in a cool 
and dark place. 

The Mycoplasma vaccine and saponin prepared above were inoculated 3 times 
at 2-week intervals into mice. Then, observation was carried out for the lesions 
5 associated with Mycoplasma infection. The test results showed that the lesion was 
recognized in all the 10 mice subjected to the inoculation of the vaccine alone and that 
the lesion was found in 3 of the 10 mice subjected to the inoculation of the saponin- 
containing vaccine. The mean value of the number of lesions was 277 with the 
vaccine alone, and it was 142 with saponin-containing vaccine. 

10 Example 17. Enhancing effect of low-dosage onjisaponin on th e secondary 
production of antibody against influenza H A vaccine 

An influenza HA vaccine (0.1 mg/ml) prepared from purified influenza viruses 
(A/Beijing/262/95 strain) in the same manner as shown in Example 3 was mixed with 
the same volume of saline solution of the sample (0.1 mg/ml) to give a vaccine 

1 5 preparation. B ALB/c mice (7-week-old females) were anesthetized by 

intraperitoneally inoculating sodium amobarbital. The vaccine preparation (20 1) 
was intranasally inoculated to mice. After bred for 3 weeks, the mice were further 
subjected to secondary intranasal inoculation of a mixture of the vaccine and the 
sample. After the mice were bred for further one week, sera and nasal irrigation 

2 0 Uquids were prepared from them. The titer of anti-influenza virus antibody in the 
serum was evaluated based on the HI antibody titer. After bloodletting, the nasal 
irrigation liquids were collected from the mice by perfiising the right and left nasal 
cavities twice with 1 ml of PBS containing 0.1% BSA. The quantities of anti~HA-IgA 
and anti-HA-IgG in the nasal irrigation liquids were determined by ELISA. 

2 5 Figure 7 shows the influence of onjisaponin F on the production of anti- 

influenza virus antibody in the serum in secondary response. The onjisaponin F 
significantly increased HI antibody titer in the serum at a dose of 1 g per mouse as 
compared with the case where the HA vaccine alone was used. The adjuvant activity 
of onjisaponin F was slightly weaker than that of the same amount of CTB used as a 

3 0 positive control. 



SHIMlllO 

30 

Figure 8 shows the influence of onjisaponin F on the production of anti - 
influenza virus IgA and IgG antibodies in the nasal irrigation liquid in secondary 
response. The anti-HA-IgA and IgG antibodies were detected to be at low levels in 
the intranasal inoculation of the vaccine alone. On the other hand, onjisaponin F (1 
g /mouse) significantly increased the anti-HA-IgA and IgG antibody titers in the 
nasal irrigation liquid in a group inoculated with the vaccine in combination with 
onjisaponin F. The adjuvant activity of enhancing the titer of anti-HA-IgA antibody 
was lower for onjisaponin F than for the same amount of CTB, However, onjisaponin 
F significantly exhibited the adjuvant activity of enhancing the titer of anti-HA-IgG, 
while CTB exhibited no adjuvant activity. 

These results suggest that, even at a low dosage, onjisaponin F used as an 
adjuvant strongly induces the antibody production in the serum and nasal cavity. 

Industrial Applicability 

The Examples shown above clearly indicate the following. 

1. The inventive adjuvant comprising onjisaponins can enhance the production 
of antibody against the coexisting influenza HA vaccine and pertussis-diphtheria- 
tetanus combined vaccine. 

2. When inoculated together with the inventive adjuvant by intranasal route, 
vaccine antigen enhances not only the antibody production in the blood but also local 
antibody production (in the nasal irrigation liquid). In other words, the inventive 
adjuvant can reduce the inoculum dose of vaccine antigen to reduce the side effects. 

3. The inventive adjuvant comprising onjisaponins exhibits, in the blood and 
in a local region (in the nasal irrigation liquid), higher activity of enhancing the 
antibody production than a saponin mixture, Quil A, derived from the tree bark of 
Quillaja saponaria, indicating that the saponin is more powerful as the adjuvant than 
Quil A. 

4. The inventive adjuvant contains ingredients that exhibit substantially no 
hemolytic activity like, for example, onjisaponins E and F. In general, saponins 
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exhibit strong hemolytic activity. However, some saponin compoimds have no 
hemolytic activity as revealed in Example of the present invention. The present 
invention has great advantages reveahng the fact that saponins having no hemolytic 
activity are separable from other saponins and further have the adjuvant activity 

As described above, vaccine preparation containing the inventive adjuvant is 
expected to be a highly safe agent that is effective for the prevention and treatment of 
virus infection and bacterial infection. 
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CLAIMS 

L An adjuvant comprising a saponin compound having a presenegenin 
skeleton substituted with a substituted or unsubstituted sugar residue at position 28, 
where the substituted sugar residue essentially comprises an apiose residue as its 
substituent when the substituted sugar residue is tetra-substituted. 

2. The adjuvant of claim 1, wherein the substituted or unsubstituted sugar 
residue directly linked to the presenegenin skeleton at position 28 is a sugar residue 
containing 3 or more carbon atoms. 

3. The adjuvant of claim 2, wherein the sugar residue is a substituted or 
unsubstituted flicose residue. 

4. The adjuvant of claim 3, wherein the saponin compound is represented 
by the formula: 




wherein Glc indicates glucose residue; Fuc, flicose residue; Rha, rhamnose residue; 
Xyl, xylose residue; Rl, monomethoxy cinnamate residue or trimethoxycinnamate 
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residue; R2, H or rhamnose residue; R3, H or apiose residue; R4, H or arabinose 
residue; and R5, H or galactose residue. 

5. The adjuvant of claim 4, wherein the adjuvant comprises at least one of 
the saponin compounds selected from the group consisting of: 

(a) a compound where Rl is monomethoxycinnamate residue, R2 is 
rhamnose residue, R3 is apiose residue, R4 is H, and R5 is galactose residue; 

(b) a compound where Rl is trimethoxycinnamate residue, R2, R3, 
and R4 are H, and R5 is galactose residue; 

(c) a compound where Rl is trimethoxycinnamate residue, R2 is H, 
R3 is apiose residue, R4 is arabinose residue, and R5 is H; and 

(d) a compound where Rl is trimethoxycinnamate residue, R2 is H, 
R3 is apiose residue, and R4 and R5 are H. 

6. The adjuvant of any one of claims 1 to 5, wherein the saponin compound 
is prepared from a crude drug. 

7. A vaccine preparation comprising the adjuvant of any one of claims 1 

to 6. 

8. The vaccine preparation of claim 7, wherein the vaccine preparation is to 
be inoculated intranasally or orally. 

9. The vaccine preparation of claim 8, wherein the vaccine preparation 
comprises, as a vaccine, antigens from one or more pathogenic microorganisms 
selected from the group consisting of influenza virus, rotavirus, measles virus, rubella 
virus, mumps virus, AIDS virus, Bordetella pertussis, diphtheria bacillus, 
Helicobacter pylori, enterohaemorrhagic Escherichia coli (EHEC), Chlamydia, 
Mycoplasma, Plasmodium, coccidium, and schistosome. 
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FAMILY NAME 
KIYOHARA 


FIRST GIVEN NAME 
Hiroaki 


SECOND GIVEN NAME 




RESIDENCE & 
CITIZENSHIP 


CITY 
Tokyo 


STATE OR FOREIGN COUNTRY 
Japan ^ JJ 


COUNTRY OF CITIZENSHIP 
Japan 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

9-L Shirokane 5-chome, Minato-ku 


CITY 

Tokyo 108-8642 


STATE & ZIP CODE/COUNTRY 
Japan 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 
NAGAI 


FIRST GIVEN NAME 
Takayuki 


SECOND GIVEN NAME 




RESIDENCE & 
CITIZENSHIP 


CITY 


STATE OR FOREIGN COUNTRY 
Japan "3^X 


COUNTRY OF CITIZENSHIP 
Japan 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

9-1, Shirokane 5-chome, Minato-ku 


CITY 

Tokyo 108-8642 


STATE & ZIP CODE/COUNTRY 
Japan 



X ADDITIONAL INVENTOR INFORMATION ATTACHED 
I hereby declare that all statements made herein are of my own knowledge arc true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fme or imprisonment, or both, under 
section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or any issuing thereon. 
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SIGNATURE OF INVENTOR 203 



DATE: 



DATE: /^^..^ 22. >trO I 



DATE: 



PAGE 2 OF 3 



U.S. DEPARTMENT OF COMMERCE Patent and Trademark Office 



Gray Cary\GT\6235798.1 
2102595-2 



NATIONAL CHAPTER - US Annex US .IE, Supplemental Page 



ADDITIONAL INVENTOR INFORMATION 


ATTORNEY'S DOCKET NUMBER 

SHilVLl 1 JO 


2 ^ — " 
0 ^ 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

YABE 


HRST GIVEN NAME 

Takeshi 


SECOND GIVEN NAME 




RESIDENCE & 
CmZENSHIP 


CITY 
Tokyo 


STATE OR FOREIGN COUNTRY 
Japan j jp^ 


COUNTRY OF CITIZENSHIP 
Japan 




POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

9-1, Shirokane 5-choine, Minato-ku 


CITY 

Tokyo 108-8642 


STATE & ZIP CODE/COUNTRY 
Japan 


2 

0 ^ 


FULL NAME 
OF INVENTOR 


FAMILY NAME 
AIZAWA 


RRST GIVEN NAME 

Chikara 


SECOND GIVliN NAME 


5 


RESIDENCE & 
CITIZENSHIP 


CITY 
Saitama 


STATE OR FOREIGN COUNTRY 

Japan jp^ 


COUNTRY OF CITIZENSHIP 
Japan 


POST OFFICE 
ADDRESS 


POST OFFICF ADDRESS 
111, Arai 6-chome, Kitamoto-shi 


CITY 

Saitama 364-0026 


STATE & ZIP CODE/COUNTRY 
Japan 


2 
0 

fi 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

SUZUKI 


FIRST GIVEN NAME 

Yujiro 


SECOND GIVEN NAME 


RESIDENCE & 

cmzENsmp 


CITY 

Saitama 


STATE OR FOREIGN COUNTRY 

Japan 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 
111, Arai 6-chome, Kitamoto-shi 


CITY 

Saitama 364-0026 


STATE & ZIP CODE/COUNTRY 

Japan 


-»- 

i ., 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

SUSA 


FIRST GIVEN NAME 

Eizaburo 


SECOND GIVEN NAME 


RESIDENCE & 
CITIZENSHIP 


CITY 

Saitama 


STATE OR FOREIGN COUNTRY 

Japan J 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 
111, Arai 6-chonie, Kitamoto-shi 


CITY 

Saitama 364-0026 


STATE & ZIP CODE/COUNTRY 

Japan 




FULL NAME 
OF INVENTOR 


FAMILY NAME 

KATO 


FIRST GIVEN NAME 

Toshio 


SECOND GIVEN NAME 


RESIDENCE & 
CmZENSHIP 


CITY 
Saitama 


STATE OR FOREIGN COUNTRY 
Japan _} px 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 
111, And 6-chome, Kitamoto-shi 


CITY 

Saitama 364-0026 


STATE & ZIP CODE/COUNTRY 

Japan 


2 

0 ^ 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

NAGAMINE 


FIRST GIVEN NAME 

Takashi 


SECOND GIVEN NAME 


9 V 

< 


" RESIDENCE & 
CITIZENSHIP 


CITY 

Saitama 


STATE OR FOREIGN COUNTRY 

Japan ] 


COUNTRY OF CITIZENSHIP 
Japan 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 
111, Arai 6-chome, Kitamoto-shi 


CITY 

Saitama 364-0026 


STATE & ZIP CODE/COUNTRY 
Japan 


SIG> 

7 
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SIGNATURE OF INVENTOR 205 


SIGNATURE OF INVENTOR 206 






DATE: Mla^ z3, 2.CV ) 


SIGNATURE OF INVENTOR 207 


SIGNATURE OF INVENTOR 208 


SIGNATURE OF INVENTOR 209 


DATE: Mcc^ ^3, Z(r[> ( 


DATE: MoA^ Z^j 2. OT) / 


DATE: f^c^^ Zj^ SKTV f 
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